In this study, the synthesis of a telechelic linker bearing both azide and thiol functional groups was described. The reaction conditions were investigated to optimize the reaction yield. The product was analyzed using thin layer chromatography (TLC) and proton nuclear magnetic resonance ( 1 H NMR). The employment of the obtained azide-thiol linker in heterogeneous polymer "click" functionalization was demonstrated for the first time, which was monitored by an online FT-IR method. The obtained telechelic azide-thiol linker is envisioned to be useful chemical tools to link macromolecular chains via orthogonal click reactions.
INTRODUCTION
Organic azides are well-known as an important and versatile class of chemical compounds. They are considered as powerful precursors for reactive species such as nitrenes, aziridines, triazoles, triazolines and many others, as well as can be easily transformed into amines, isocyanates and other functional groups [1] . Especially, they have received significantly increasing interest as valuable and versatile reagents within the concepts of "click" chemistry. In the "click" chemistry aspect, organic azides have assumed an important position at the interface between chemistry, biology, medicine, and materials science [1] .
Click chemistry has become the catchphrase whenever conjugation of different molecules to each other is desired [2] . Molecular biologists, and material and polymer chemists have rapidly picked up this type of chemistry and adapted it to match their needs in life sciences, polymer science and materials science. In many cases, "click" reactions fulfil the aim to join two different molecules in an efficient way. This is especially true for macromolecular chemistry, where the challenge is to be able to perform click chemistry with polymers, e.g. preparing block um azide nitrogen 00 mL of move the excess NaN 3 and DMF. The organic layer was dried over anhydrous MgSO 4 , and dichloromethane was removed using a rotary evaporator to give the product (yield: 90 %).
Synthesis of 4-(azidomethyl)benzyl methylsulfonate (compound 3, Figure 1)
Methanesulfonyl chloride (2 mL, 25.4 mmol) was added dropwise at 0 °C to a solution of 4-(azidomethyl)benzyl alcohol (compound 2, Figure 1 , 2.08 g, 12.7 mmol)) and triethylamine (3.6 mL) in tetrahydrofuran (100 mL). The reaction mixture was then stirred at room temperature for 2 h. After the reaction, 40 mL of deionized water was added and the mixture was extracted with diethylether. The organic layer was washed with 1 N solution of HCl, deionized water, saturated NaHCO 3 and deionized water, dried over anhydrous MgSO 4 , and the solvents were removed using a rotary evaporator to give the product. The product was purified by column chromatography with dichloromethane as eluent (yield: 83%).
Synthesis of 4-(azidomethyl)benzyl thioacetate (compound 4, Figure 1)
Potassium thioacetate (880.6 mg, 7.7 mmol) was added to a solution of 4-(azidomethyl)benzyl methylsulfonate (compound 3, Figure 1 , 0.93 g, 3.8 mmol) in tetrahydrofuran (30 mL). The reaction mixture was degassed, refilled with nitrogen gas and refluxed for 3 h. The reaction was quenched with brine, extracted with diethyl ether, washed two times with brine. The organic layer was dried over anhydrous MgSO 4 , and the solvents were removed using a rotary evaporator to give the product. The product was purified by column chromatography with dichloromethane as eluent (yield: 93%). Figure 1) (Azidomethyl)benzyl thioacetate (compound 4, Figure 1 ) was refluxed in methanol, in the presence of concentrated HCl for 3 h. The reaction was quenched with deionized water and extracted with diethyl ether. The organic layer was dried over anhydrous MgSO 4 , and the solvents were removed using a rotary evaporator to give the product (yield: 99 %).
Synthesis of 4-(azidomethyl)benzyl mercaptan (compound 5,

Thiol-ene functionalization of the allyl-functionalized PU foam
Photo-initiation reaction was performed at room temperature, where 4-(azidomethyl)benzyl mercaptan (compound 5, Figure 1 ) and 2,2-dimethoxy-2-phenylacetophenone (DMPA) were used as the thiol compound and UV light initiator, respectively. General procedure: in a two-necked glass flask, the allyl-functionalized PU foam (about 1x1x1 cm, allyl concentration of 8.75 mM) was charged with the solvent and thiol compound. The React-IR silicon probe was dipped in the reaction solution, and a regular stirring of the reaction mixture was maintained to avoid bringing bubbles to the surface of the probe. After addition of the photoinitiator, the reaction flask was irradiated at room temperature by a 365 nm UV light (9x9 watt bulbs, intensity of 6 mW.cm -2 ). The azide conversion was indicated by a decrease in absorption intensity of the azide asymmetric stretching vibration at 2200 cm
The thiol-ene reaction conversion was calculated corresponding to the azide conversion and the 4-(azidomethyl)benzyl mercaptan to allyl molar ratio used for the reaction.
Characterization
1 H NMR spectra were recorded with TMS as an internal reference, on a Bruker Avance 300 at 300 MHz at Institute of Chemistry-VAST, Ha Noi. Time-resolved online ATR FT-IR spectra were recorded on a React-IR 4000 Instrument (Mettler Toledo AutoChem ReactIR) equipped with a silicon ATR probe (SiComp, optical range 4400-650 cm -1 ) at National Key Lab for Polymer & Composite (HCMUT-VNUHCM). For online monitoring, the silicon probe was introduced into a two-necked glass flask containing the reaction mixture and spectra were recorded every 1 min for the first 30 min and then every 2 min. The solvent spectrum was recorded at the reaction temperature and subtracted to enhance the signal of the reaction species.
RESULTS AND DISCUSSION
Synthesis of 4-(azidomethyl)benzyl mercaptan
The azide-thiol linker (4-(azidomethyl)benzyl mercaptan) was prepared according to a four-step procedure as shown in Figure 1 .
In the first step, 4-(azidomethyl)benzyl alcohol (compound 2, Figure 1 ) was prepared from 4-(chloromethyl)benzyl alcohol (compound 1, Figure 1 ) by treatment with excess sodium azide in dimethylformamide at 80 °C under an inert atmosphere. This applied synthetic route is halide displacement by azide ion [9] . In the second step, the hydroxyl group of 4-(azidomethyl)benzyl alcohol reacts with methanesulfonyl chloride with triethylamine as the catalyst to transform to the methylsulfonate group (step II, Figure 1) . The methylsulfonate group of compound 3 was then converted in to the thioacetate group via the reaction with potassium thioacetate (step III, Figure 1 ). Finally, the thioacetate group of compound 4 was transformed to the thiol group upon reflux in methanol under an acidic condition to yield the final product (compound 5, Figure 1 ). The product of each step was purified by column chromatography.
Analysis of azide ions using LC-MS was not feasible because of their low molecular weight and strong background interference in this range [10] . Therefore, the products were analysed by 1 H NMR. Figure 2 shows the 1 H NMR spectrum of three intermediate products, i.e. 4-(azidomethyl)benzyl alcohol, 4-(azidomethyl)benzyl methylsulfonate and 4-(azidomethyl)benzyl thioacetate, and the final product 4-(azidomethyl)benzyl thiol. All the peaks in each spectrum could be assigned to the corresponding structures of the products.
Regarding the synthesis procedure, except for step II, the other three steps resulted in products (after purification via column chromatography) in relatively good yields (above 90 %) when employing reaction conditions previously reported in the literature [11] [12] [13] . However, for step II, the yield was low (below 40 %), inspite of the application of conditions previously reported for mesylation of the alcohol with methanesulfonyl chloride [14] . For this step, the reaction conditions, i.e. the feeding temperature and the reactant molar ratio, were observed to influence strongly the reaction yield.
With the use of methanesulfonyl chloride to 4-(azidomethyl)benzyl alcohol molar ratio of 2, the reaction yields obtained at two feeding temperatures, 0 °C and room temperature, were compared. It was found that the yield was enhanced by approximately two times, from 42 % to 83 % when methanesulfonyl chloride was added dropwise at the lower temperature (Table 1 , Entries 1 and 3). It was likely that low temperature suppressed considerably side reactions during the formation of the reactive sulfonyl-tertiary amine complex, which, in turn, reacted with the alcohol to give the sulfonate. In fact, reaction temperatures of 0-5 °C have also been 
